Abstract. -We present high Signal to Noise ratio IUE spectra of different classes of white dwarfs, to be used as templates for stellar population analyses in the ultraviolet region. We present average stellar parameters associated to each group. The library contains 6 groups for DA's, 2 for DO's and 5 for DB's. We also present equivalent widths of spectral features, and continuum measurements. We call attention to the spectral characteristics which are promising indicators of the presence of white dwarfs in the spectra of composite stellar populations.
Introduction
White dwarfs are not luminous objects, but they are very common: there are 1279 cataloged white dwarfs in McCook & Sion (1987, hereafter MS87) . Many of them have trigonometric parallaxes indicating distances below 100 pc from the Sun. Since hot white dwarfs emit most of their light in the ultraviolet, it is in this spectral region where they can most probably be detected in spectra of composite stellar populations. In a recent paper, evidence was found of the presence of white dwarfs of type DA 5 in the spectra of early-type galaxies and globular clusters (Bica et al. 1996) .
The International Ultraviolet Explorer (IUE) has been collecting spectra of white dwarfs for the last 17 years, and several of them already have a relatively large number of individual spectra stored in the IUE database.
Much information on stellar parameters have been derived from the IUE spectra of individual white dwarfs, just to mention a few: Wesemael et al. (1985) for DO's, Liebert et al. (1986) and Wegner & Nelan (1987) for DB's, and Kepler & Nelan (1993) and Bergeron et al. (1995) for DA's. A spectrophotometric atlas of individual white dwarfs was compiled from IUE archives by Wegner & Swanson (1991) .
In order to further explore this database, in the present paper we group stars of similar spectral characteristics into distinct white dwarf classes, which can be very useful for, e.g., stellar population analyses. We obtain template Send offprint requests to: E. Bica Based upon data collected with the International Ultraviolet Explorer (IUE) Satellite, supported by NASA, SERC and ESA spectra of much higher signal to noise ratio (S/N ) than those of individual stars. This paper is structured as follows: in Sect. 2 we present the IUE white dwarf sample, gather information on individual stars from the literature, and measure fluxes in the present data; in Sect. 3 we build the groups and present the average parameters associated to them; in Sect. 4 we measure equivalent widths, continuum slopes and discuss the results; in Sect. 5 we present the concluding remarks of this work.
The white dwarf sample
We gathered the IUE spectra for the present sample from the IUE Uniform Low Dispersion Archive (ULDA Version 4.0) database as stored at the Instituto Astronômico e Geofísico of the Universidade de São Paulo (IAG-USP). Details on the ULDA calibration processes and access can be found in Courvoisier & Paltani (1992, and references therein) . Some obvious réseau marks and bad pixels have been corrected by a linear interpolation. The population synthesis of composite spectra such as those of galaxies and/or star clusters, requires the knowledge of the observational and theoretical parameters associated to the different stellar types. With this in mind, we searched for white dwarfs which had information on spectral classification and/or atmospheric parameters from the literature. The sample contains 86 white dwarfs, and is not intended to be complete in any sense: we gathered enough spectra in order to achieve a good (S/N ) for each group. We show the results for the individual early-type DA stars in Table 1 and for late-type DA's in Table 2 , for DO's in Table 3 and DB's in Table 4 . By Cols. (1) and (2) designations following MS87; (3) optical spectral type from MS87; (4) optical effective temperature; (5) ultraviolet (UV) effective temperature; (6) surface gravity; (7) visual absolute magnitude from MS87; (8) observed monochromatic f λ flux at λ2646Å; and finally (9) distance from the Sun. The sources for Cols. (4)- (6) and (9) are: Shipman (1979) , Bergeron et al. (1992) , Vennes (1992) , Koester & Allard (1993) , Kepler et al. (1995) , Kepler & Nelan (1993) , Bergeron et al. (1995) and Bragaglia et al. (1995) for DA's; Koester et al. (1981) , Liebert et al. (1986) , Oke et al. (1984) , Wegner & Nelan (1987) and Thejll et al. (1991) for DB's; Wesemael et al. (1985) , Liebert et al. (1989) and for DO's; for white dwarfs in general, we used information from Green (1980 ), Fleming et al. (1986 , Liebert et al. (1988) , Thejll et al. (1991) , , Bradley et al. (1993) , Motch et al. (1993) and Wesemael et al. (1993) . Stellar fluxes in Col. (8) were measured in our average spectra for individual white dwarfs. An asterisk in Col. (9) of Tables 3 and 4 indicates that the distance was not available in the literature above. In such cases, we assumed the average M V of the corresponding group (see Table 5 in Sect. 3) to estimate the distance modulus. For a few stars, the apparent visual magnitude was not available and consequently they lack distance estimates, as indicated in Tables 1-4 . To obtain the final spectrum for each object we first averaged individual spectra working separately in the short (SWP) and long (LWP and LWR) wavelength ranges. A few spectra were eliminated at this stage because they presented problems such as instrumental defects, discordant continuum distribution and/or spectral features. During this treatment of individual objects, the short and long wavelength domains were processed separately. The weights in the averages were given according to the square of the (S/N ). This procedure allowed us to obtain the highest possible (S/N ) spectra. Recently, this method has been applied to integrated spectra of star clusters in the IUE library providing new information from the derived templates (Bonatto et al. 1995) . Since all the objects are nearby, and in no case was the λ2175Å dust absorption feature evident, no reddening correction was applied to the spectra. The spectra have been corrected of the IUE réseau marks at λ1790Å and λ3056Å.
The templates and their properties
We used the optical spectral types for individual stars (Col. (3) in Tables 1-4) as a guide to create the groups, but the fundamental criterion was the similarity of the IUE spectra. Each average stellar spectrum contributed to its group formation with a weight proportional to the (S/N ). The resulting DA groups are shown in Fig. 1 , and those for DO's and DB's in Fig. 2 . Notice the remarkable slope range, primarily a temperature effect. Differences in spectral features are also apparent (Sect. 4). We present in Table 5 average properties for each group, by Cols. (1) group designation; (2) and (3) effective temperatures from optical and ultraviolet studies, respectively; (4) the adopted effective temperatures, which are averages of Cols. (2) and (3); (5) surface gravity (log g); (6) and (7) absolute visual magnitudes (M V ) respectively derived averaging M V 's for individual stars from MS87, and theoretically predicted values using the adopted temperatures and surface gravities for the groups (Cols. (4) and (5)), and the models used in Bergeron et al. (1995) ; (8) luminosity in solar units (log(L/L )); and finally (9) the intrinsic monochromatic flux F λ at λ2646Å, at the white Tables 1-4 , using F λ (2646) = 4πd 2 × f λ (2646), and then dividing this value by the typical white dwarf radius (Koester & Schönberner 1986 ) for each group.
A comparison of the optical and ultraviolet temperatures, shows that the latter are typically ≈ 600 K higher for DA 3 to DA 4.5, whereas for DA 5, the optical one is somewhat higher. For DB's, UV temperatures are typically ≈ 2000 K higher for the range DB 2 to DB 3.5, whereas for DB 4 and DB 5, the optical ones are typically ≈ 900 K higher.
A comparison of the M V values for the groups in Cols. (6) and (7), shows that the mean differences are 0.10 and 0.25 respectively for DA and DB groups, in the sense that the theoretically predicted values are systematically brighter (except DA 5) than those observationally determined.
The standard deviations for temperatures in Cols. (2) and (3) of Table 5 in principle should reflect the internal dispersion of T eff among the different stars making up the group. However, as can be seen in the tables for individual stars, the spread in temperature determinations in the optical or UV for a given star can be of the same order. Luminosities for DA and DB groups were calculated taking into account the models of Bergeron et al. (1995) , using as input parameters the average T eff and log g for each group (Table 5) . For the group WD B3, we adopted log g = 7.9, which is the interpolated value from the DB groups. Luminosities for the DO groups were obtained from the models of Koester & Schönberner (1986) .
Measurements and discussion
As shown in Figs. 1 and 2 , the UV spectra of white dwarfs present few prominent spectral features. The main difference between DA's and DB's is the presence of the Lyα wing in the spectra of the former. Other characteristics appear in DA 3 to DA 5 stars, which are the wide absorption features centred at ≈λ1600Å and λ1400Å, which Koester et al. (1985) and Nelan & Wegner (1985) identified as, respectively, a resonance broadening of Lyα by the hydrogen quasi molecule, and a satellite line to Lyα arising from the hydrogen ion quasi molecule. Nelan & Wegner (1985) pointed out that the λ1400Å feature appears for T eff < 19 000 K, and the λ1600Å for T eff < 13 500 K. This is confirmed in our average spectra ( Fig. 1 ) and properties (Table 5 ). In the DO's, a prominent line of He II λ1640 is present (Fig. 2) . The most conspicuous feature in DB stars is the flux excess around 1430−1600Å (Fig. 2) . The origin of this feature is not clear, nor whether it arises from emission, or is caused by side absorptions. It also occurs in sdB stars with T eff ≈ 30 000 K, for which we also built templates from IUE spectra. This piece of evidence suggests that helium and/or other elements in common among these stars, may be responsible for the observed feature. It would be important to compute model spectra that can reproduce such features. In Figs. 3-5 we present blow-ups of different spectral regions for particular templates in order to show in more detail weak absorption lines. In the DO stars, the He II λ1640 absorption line is prominent (Fig. 4) , but some weaker lines are also evident, which arise from high ionization Table 5 . Properties of the white dwarf groups In Table 6 we show equivalent width measurements of the prominent features present in the templates. Since the He II λ1640 feature in DO's presents a conspicuous core and wing structure, we adopted continuum at λ1573Å and λ1747Å, while the spectral window for the core only, and core plus wings, are indicated in the table. We measured the excess flux at 1430−1600Å in DB stars as an emission feature, by adopting adjacent continuum points. For the λ1400Å and λ1600Å absorption features in DA stars, the continuum points correspond to the window edges, as indicated in the table.
He II λ1640 is ≈ 30% stronger in the DO 2 template than in the DO 1 one. The excess at 1430−1600Å in DB stars becomes stronger with decreasing temperature, except for the coolest group, DB 5. The λ1400Å feature in DA stars increases with decreasing temperature, and is still detectable in the DA 2 template. The λ1600Å feature also increases with decreasing temperature, but it is essentially absent in DA 3 or hotter groups.
We plot in Fig. 6 continuum ratios in the UV as a function of log(T eff ) for each group. Notice that despite the internal dispersion and/or errors in the T eff values (as discussed in Sect. 3), the groups are well distinguished within each white dwarf class. Finally, in Table 7 we present continuum measurements relative to that at λ2646Å. This spectral distribution, coupled to the absolute monochromatic fluxes at λ2646Å (Table 5) , can be used to scale the present white dwarf templates with respect to other stellar types, in view of stellar population syntheses. 
Concluding remarks
We built high (S/N ) spectral templates for different classes of white dwarfs, using the IUE database. We obtained 6 groups for DA, 5 for DB and 2 for DO stars, for which we also derived average properties. We emphasise the most conspicuous spectral features in these templates which might be useful discriminators in the study of composite stellar populations. The DA templates are characterised by a strong Lyα absorption and, for some templates, by wide absorptions around λ1400Å and λ1600Å; the DO spectra present strong He II λ1640 absorptions; and the DB templates are characterised by an excess flux around 1430−1600Å and by the presence of some He I lines. The DO 1, DO 2 and DA 1 templates present very steep slopes (in F λ units) in the UV. This spectral library for the latest stages of stellar evolution will be a valuable tool in stellar population syntheses of galaxies and star clusters.
